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INTRODUCTION
Dairy cattle sire evaluation in many countries is carried out using best linear unbiased prediction (BLUP) (Interbull, 1988) , while cows are usually evaluated separately using a selection index type approach (eg Hill and Swanson, 1983) .
Recently there has been a shift towards a joint evaluation of cows and bulls, using a so-called animal model (AM). Some countries have implemented an AM national evaluation for single traits (Wiggans et al, 1988a, b; Ducrocq et al, 1990 ; Jones and Goddard, 1990) , others are in the process of doing so. Assumptions about the covariance structure of observations analysed with a linear model are often simplified to make computations feasible. For example, the USA (Wiggans et al, 1988a) , France (Ducrocq et al, 1990 ; Bonaiti and Boichard, 1990) and Australia (Jones and Goddard, 1990 ) use a modified repeatability model for which a genetic correlation of unity is assumed between performances across lactations and some (pre) scaling is applied to later lactation records to account for higher phenotypic variances of traits in later lactations. Later lactation records are given lower weightings by adjusting the error structure of the observations, and milk, fat, and protein yield are analysed separately using this modified repeatability model. The potential loss in efficiency of selection by making these assumptions depends on the true, unknown, covariance structure of the data, and on the breeding goal. By estimating relevant (co)variances and assuming a particular combination of traits to select for, the potential loss in efficiency of selection by using simplified covariance structures may be quantified.
For estimating (co)variance components it seems desirable to use the same model as is, or soon will be, used for the prediction of breeding values, ie an animal model. Few (co)variance estimates from AM analyses have been reported; Swalve and Van Vleck (1987) analysed milk yield in lactations 1-3, and Van Vleck and Dong (1988) performed a multivariate analysis on milk, fat and protein yield in the first lactation.
The aims of this study were: 1) to estimate parameters for milk (M), fat (F) and protein (P) Patterson and Thompson, 1971 ) was used to estimate (co)variances, using programs based on software written by Meyer (1988 Meyer ( , 1989 Thompson and Hill (1990) proposed their algorithm for the case of equal design matrices and more than 2 random effects in the linear model. For the analyses described above, only 2 random effects (animal and residual) were fitted, so that a &dquo;standard&dquo; canonical transformation (see eg Meyer, 1985) could have been applied. Both methods, however, should give similar estimates, since the described algorithm was found to be highly efficient (Thompson and Hill, 1990) It was not clear how to combine the different estimates efficiently into one overall (9 x 9) covariance matrix, since there was insufficient information about sampling variances and;.culling, bias. Estimates of variances and covariances of M, F and P in lactation 3, fpre X 8 J llple, were available from bivariate analyses L l L 3 and L 2 L 3 and from MV analyses within L 3 , all of which were probably subject to culling bias. The following method .was chosen to create 9 x 9 genetic, environmental and phenotypic covariance matrices which were consistent with each other: for L l the (co)variances from analyses 3) were,used,. The variances (diagonals) in L 2 and L 3 were taken from BV analyses L l L 2 and.L l L 3 u'sing the same trait in each lactation. For example, the variance estimate for P 3 wa! iised from analysis P l P 3 -Within lactation genetic and environmental covariances between M, F And P for lactations 2 and 3 were calculated using the variances as described above and the estimates of the within lactation genetic and environmental correlations. The from a combined analysis with the same trait in L 1 , ie M 1 M 2 gave the highest estimate for M 2 , and F l F 2 and P I P 2 showed the highest estimates for F 2 and P 2 respectively. Using prediction equations for selection biases from Meyer and Thompson (1984) , no selection strategy for first lactation production traits was found that would produce these results.
A summary of the parameters calculated for fat and protein content (F% and P% respectively), from using equation (1), is presented in tables X and XI. Heritabilities for F% and P% were high and were fairly constant across lactations. Genetic correlations for F 2 %F 3 % and P 2 %P 3 % were substantially lower than the genetic correlations between yield traits in second and third lactations. Parameters for first lactation traits (M 1 , F 1 , P 1 , F l % and P 1 %) were similar to estimates from a 5 x 5 MV analysis on all traits in lactation one (results not presented). Genetic correlations between protein yield and protein percentage were negative in first and positive in later lactations, although small in all cases.
DISCUSSION
Univariate first lactation heritabilities were similar to the most recent UK estimates using a sire model (Meyer, 1987) , but higher than estimates of Hill et al (1983) and Meyer (1983 and 1984) . Heritability estimates from pedigree populations are often higher than from non-pedigree populations (Meyer, 1987; Carabafio et al, 1990) . In dairy cattle, heritability estimates from daughter-dam regression are usually higher than estimates from paternal half-sib comparisons (Maijala and Hanna, 1974; Van Vleck 1986) (1983) , Meyer (1984 Meyer ( , 1987 Therefore one explanation may be that the within lactation correlations, calculated from within lactation MV analyses were biased downwards relatively more than the between lactation between trait correlations which were calculated from BV analyses.
If culling of first lactation cows were on some linear combination of their milk, fat and protein production in the first lactation or on any &dquo;culling variate&dquo; correlated with the traits being analysed, this form of selection would only partially be accounted for when using a bivariate REML estimation (see Robertston, 1966 , for a detailed theoretical framework of a culling process). Therefore the BV second lactation parameter estimates may be slightly biased. The 3 traits considered were highly correlated, however, and the ratio of bivariate to univariate variance components was similar for all traits, which suggests that the bias may be small.
Meyer and Thompson (1984) Additional to the implicit assumption of a genetic correlation of unity between first and later lactation yields, an improper weighting of later lactations when using a repeatability model will reduce genetic progress. Some calculations thereof are given in a subsequent study.
As described previously, the method used to create 9 x 9 covariance matrices from various available estimates was somewhat arbitrary. Any combination of estimates is expected to give sampling problems, since the traits are so highly correlated. For example, using heritability estimates from table VIII with genetic and phenotypic correlations from table IV gives 3 within lactation environmental covariance matrices which all are negative definite. Using estimates of environmental correlations between M 1 , F, and P I from Maijala and Hanna (1974) , Meyer (1985) and Van Vleck and Dong (1988) , determinants of the environmental correlation matrix were found to be -0.003, 0.012 and 0.03 respectively, indicating that sampling problems may be expected with these traits. Still, when using the method described to calculate full 9 x 9 covariance matrices, sampling problems were not eliminated: the 9 x 9 genetic covariance matrix presented in table V is not positive definite. However, the only negative eigenvalue is this matrix was relatively close to zero (&mdash;0.04 after standardising all phenotypic variances to unity for M 1 , F, and P 1 ). Setting this eigenvalue to a small positive number (eg 10-6 ) and recalculating all matrices showed very little difference for all variance components.
